Using panel data on input-output intensities and expenditure prices from 28 countries, this paper finds the elasticity of substitution across sectoral inputs to be less than one in each of the three broad sectors of the economy. Intermediates are most complementary in the production of services while it is easiest to substitute across intermediates in the production of agricultural goods. Differences in relative prices alone account for a non-trivial fraction of the cross-country variation in sectoral linkages. Abstracting from the price channel that allows for substitution across inputs in response to changes in relative prices delivers biased aggregate implications of changes in productivity and distortions.
Introduction
Sectoral linkages -the extent to which goods from different sectors are utilized as intermediates in the production of sectoral goods, bear a systematic relationship with GDP per capita. The share of services in intermediate expenditure is higher in the developed countries. While this holds in the production of all sectoral goods, the gap in the services share across countries is starker in the production of services itself (Sposi, 2018 ). An interpretation that helps reconcile the cross-country variation is that distortions exist in the intermediate markets.
Nevertheless, such analyses typically employ a production technology with a CobbDouglas (CD) association across sectoral inputs. Hence, linkages do not respond to changes in relative prices. On the other hand, a well-documented fact in the development literature is that the relative price of services rises with GDP per capita.
2 If intermediates from different sectors enter production as complements, then the higher relative price of services in developed countries will lead to the sector commanding a larger share of the aggregate intermediate expenditure seen in the data. 3 The objective of this note is to examine if the elasticity of substitution across sectoral inputs differs from unity, making the price channel a factor in accounting for the cross-country variation in linkages. Using panel data on input-output intensities and expenditure prices from 28 countries, I find the elasticity to be less than one in each of the three sectors. Intermediates are most complementary in the production of services, while it is easiest to substitute across intermediates in the production of agricultural goods.
Theoretical Framework and Data
The gross output of a sector is produced using the intermediate bundle and a composite aggregated from all other factors. The production technology is CD in and . In addition to price-effects, I also allow for scale-effects in production technology, i.e., the intermediate expenditure shares react to changes in . The scale-effect establishes an additional link between incomes and linkages as the size of the intermediate bundle rises with income. Borrowing from , is a scaled CES aggregate of intermediates from all sectors implicitly defined as
where denotes the quantity of sectoral good used in the production of sectoral good and , are subscripts corresponding to country and time respectively. The elasticity of input substitution can vary across the sectors so that the ease with which intermediates are substituted for one another might be higher in the production of some sectoral good relative to others. The parameter disciplines the scale elasticity of intermediate demand and the sectorweights secure the relative importance of inputs from different sectors.
Given the technology in (1), the intermediate expenditure share of sector relative to in the production of sectoral good is
where is the price of good in country at time . Equation (2) ties the rising intermediate share of services with income growth. If the inputs enter production as complements ( < 0), then a higher share of intermediate expenditure is allocated towards services as services become relatively more expensive compared to goods of other sectors with income as seen in the data. Choosing some base sector , the scale elasticity and sector-weights can be normalized by setting = = 1 ∀ , . Replacing intermediate bundle in (2) as a function of total intermediate expenditure (= ∑ ) and base sector price and intermediate share yields
which I use to estimate the parameters by employing the iterated non-linear seemingly unrelated regression method. 4 I choose industry as the base sector and transform the constrained parameters such that the estimation becomes unconstrained.
5
The quantitative analysis requires data on intermediate shares and sectoral prices. I use the OECD input-output database (OECD, 2017b) to collect the intermediate shares for many countries. To obtain the sectoral prices, I utilize the final consumption expenditure data from the OECD national accounts database (OECD, 2017a). The database contains expenditures by sectors in both current and constant prices (country-specific base year) in national currencies, which I use to construct price series indexed to unity for a base year for each country. Finally, I adjust the price series using the harmonized price data for 2005 from the GGDC Productivity Level Database to make prices comparable across countries and time. A limitation of the price series is that it corresponds to the consumption side of the economy. The consumer prices differ from the producer prices as the former include certain margins and distortions.
All sources contain disaggregated data into finer sector classification, which I aggregate up to three sectors -agriculture (a), industry (m) and services (s), using the International Standard Industrial Classification of All Economic Activities, Revision 3 (ISIC Rev. 3.1, 2002) . The aggregate expenditure is normalized to per capita terms using population data from Feenstra et al. (2015) . Merging price and linkage data from the multiple sources yields an unbalanced panel 4 featuring 28 countries over the period 1995-2011. The panel includes countries with very high incomes but lacks the representation of low-income countries. Latvia, Lithuania and South Africa are the countries with the lowest incomes in the sample. Even so, there is a substantial variation in income. GDP per capita in the richest country is seven times larger than that of the poorest. The appendix contains more details on the data. Figure 1 plots the point estimates of the substitution elasticity and the accompanying 95 percent confidence intervals (CIs). The squares represent the baseline estimates in which both price-and scale-effects operate together. The baseline specification overwhelmingly rejects the assumption of a unit elasticity. Moreover, this result is not sensitive to the introduction of scaleeffects. The estimates in circles correspond to a standard CES specification so that only the priceeffect endures. All the point estimates are lower than one, though the assumption of a CD relationship for the industrial sector is not rejected owing to a lower precision. The baseline estimates show that the elasticity is highest in agriculture followed closely by industry. The substitutability drops considerably in the production of services.
Results
Next, I consider if there exists a systematic link between elasticity of input substitution and development. It is possible that the nature of production becomes more complex as countries grow richer making inputs less substitutable as they start serving special functions. For example, farm machinery, fertilizers and agronomical know-how are more easily substitutable when the organic content of agricultural produce is not a primary concern. Substitutability diminishes if the organic content becomes critical. To this end, I divide the sample into two equal sub-samples of low-(LI) and high-income (HI) countries based on mean GDP per capita.
6 Table 1 lists the estimates. The elasticities for the two groups are very similar for agriculture and industry, with the difference in estimates not being significant in the latter case. The point estimates suggest that the substitutability between inputs in services production is considerably lower for the HI group. Still, the estimate of elasticity for the HI group is noisy with the upper end of its CI lying close to the lower end of the estimate of the LI group.
How effective are the price-and scale-effects in explaining the cross-country variation in linkages? Panel A of Table 2 presents the explained variation 7 in intermediate shares. Column (1) corresponds to the baseline specification. Irrespective of the production sector, the two effects jointly explain more than 70 percent of the variation in the intermediate shares of agriculture. The explained variation is even higher when considering the shares of industry and services. Columns (2) and (3) shed light on the relative importance of the two effects. The former relates to the case when only the scale-effect is active while the latter holds the sole operation of the 5 price-effect. On their own, the two effects come close to explaining what is explained considering their joint action. The scale-effect dominates the baseline specification in industrial production while the price-effect comes on top in accounting for the intermediate share of agriculture in agricultural and services production. The figures in columns (1)-(3) hide the importance of country-specific sector weights. Column (4) lists the explained variation when sector-weights are invariant across countries and only price differences drive the cross-country variation. The explained variation drops appreciably. The loss is most severe in agricultural production, with the substitution elasticity being nearer to unity. The relevance of sector-weights in explaining the variation suggests the influence of other country-specific factors including distortions. Nonetheless, the price-effect still accounts for a meaningful variation for industrial and services production. The channel is especially effective in explaining the shares of the sectors themselves where it accounts for 40-70 percent of the total variation.
Lastly, I compare the absolute fit of the specifications by reporting the root mean square errors (RMSE) in Panel B. Unsurprisingly, the RMSEs are highest when sector-weights are invariant. Comparing columns (6) and (7) reveals that the price channel does a better job at fitting the data for agriculture and industry. The scale channel dominates when it comes to services production, surpassing even the fit achieved in the presence of both channels. Introducing both effects taxes the absolute fit even though the substitution elasticity in services lies notably below one.
Conclusion
There exists a massive cross-country variation in how sectors interact with each other. The allocation of resources depends critically on these linkages and hence has implications for efficiency and growth. The analysis finds the elasticity of substitution across intermediates from the three broad sectors to be less than one.
8 A non-trivial fraction of the variation in intermediate shares is accounted for by nothing but the variation in prices across countries. 9 A ramification is that models of sectoral linkages must allow for an effective price channel to operate so that shares respond to changes in relative prices. The aggregate implications of changes in productivity and distortions derived in absence of the price channel will be biased. 10 8 Peter and Ruane (2018) (PR) examine input substitutability using data on Indian firms. Their point estimate of elasticity for inputs aggregated at a broad level is less than one. However, they cannot rule out the CD association. The estimates in figure 1 and table 1 lie in the CI of the estimates in PR. Their analysis also highlights the relevance of aggregation as they conclusively find the elasticity to be greater than one when inputs are disaggregated to withinsector levels. 9 From a development accounting perspective, the price channel owing to complementarity in inputs implies that sectoral linkages constrict income differences as richer countries allocate more resources into the sector with a higher relative price. Fadinger et al. (2018) also report the same effect, though they take variations in linkages to be exogenous. 10 Jones (2011) discusses the relationship between aggregate output and input substitutability. Peter and Ruane (2018) quantitatively investigate the issue using data on Indian firms. The circles (blue), squares (red), and triangles (green) correspond to the intermediate shares of agriculture, industry, and services respectively.
